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Abstract 
This paper analyses the operating performance of the Grid connected Photovoltaic (PV) System installed on the terrace of the 
administrative building of the Centre de Développement des Energies Renouvelables (CDER) in Algiers. We present the results 
of the performance evaluation of the energy installation on a typical year. Energy losses and the most significant performance of 
the system are quantified. During this period, the system has produced an annual 10 981 kWh of energy injected into the grid. 
This means an average daily energy of 30 kWh, with performance ratio between 62 and 77%. In comparison with similar systems 
performance in other countries, the results indicate that the power generated by the CDER grid connected PV system meets the 
specifications required for such systems compared to international standards. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
Photovoltaic (PV) grid connected systems have been rising at an annual rate of 40% during the last decade 
growing up from 0.2 GW at the beginning of the year 2000 to 55 GW at the end of year 2015 [1-4]. Linking PV 
generation to the main grid is performed, without battery storage, reducing considerably both overall system cost 
and maintenance. 
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The use of appropriate performance parameters facilitates the assessment of energy efficiency of PV systems 
connected to the grid that can be different by design, technology or geographic location [5-11].  
Algeria is a country with a privileged solar resource, which has already implemented stand-alone photovoltaic 
power systems in isolated areas [12-14]. In 2012, Algeria began a process of green power by launching an ambitious 
program of development of renewable energy and energy efficiency. This program consists of installing a renewable 
power of nearly 22 000MW between 2012 and 2030, will be dedicated to cover the national demand for 
electricity.   In April 2014, a law concerning the energy feed-in tariff for photovoltaic installations over 1MW was 
promulgated. By 2030, about 40% of the production of electricity for domestic consumption is from renewable 
sources. 
 The grid connected photovoltaic system installed in 2004 at CDER is a pilot project whose main objective is to 
gain experience in the design, monitoring and maintenance and allow to show the benefits of this innovative 
technology. This system was one of the first implementations in Algeria. Monitoring of the plant, allows the analysis 
and quantification performance. It also permits: 
 
x To develop a database of radiometric and electrical data recorded from the operation of the plant to calculate all 
parameters of performance such as energy produced by the PV generator and the energy injected into the grid. 
x To study and analyze system performance according to international standards in order to optimize the design 
and predict the energy injected into the grid for a given PV power and for a given site 
 
 In this paper, we will use the coefficients of performance established by the International Atomic Energy Agency 
Photovoltaic Power Systems Program and described in IEC61724. We assess three performance parameters of this 
standard to define the overall system performance compared to the impact of energy production, solar resources, and 
all system losses. These parameters include the final PV system yield, reference yield, and performance ratio. 
 
2. System description and monitoring system  
The Grid-Connected PV system is installed on the roof of the CDER administration building, as shown in fig.1. 
The PV generator is composed of 90 mono-crystalline modules (Isofoton 106) coupled with 03 single-phase 
inverters (Ingecon 2.5). Each inverter is connected to 220V a phase, 50 Hz low-voltage grid. The generator is 
composed of three fields of 30 modules each. Each field of thirty modules consists of two parallel branches of 15 
modules in series with a tilt angle of 29°C. The azimuth angle of the generator is 15 °C South-West according to the 
orientation of the building. The electrical module provides a short circuit current of 6.54A and open circuit voltage 
of 21.6 V, a current of maximum power point (IMPP) of 6.1A and a voltage of maximum power point (VMPP) of 
17.4V. Under these conditions, the nominal power of the PV array is around 9540 Wp.  
     The inverter can input a maximum current of 16A, voltage that varies between 125-450V with frequency of 50 
Hz.  
 
 
 
 
 
                                                                                                      
 
 
Fig. 1. PV array 
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Fig.2 shows the Grid-Connected PV system and electric diagram. The electrical energy produced by the PV 
generator is injected into the grid through a three-phase electronic energy reversible meter CX200-CLK (licensed 
SAGEM). The geographical characteristics of the site are Latitude: 36.48°N; Longitude: 04.12 °E; Altitude: 345m.     
A monitoring system has been set up in order to ensure the control of the system and to estimate its performance. 
Therefore, all the data concerning the inverter measurements and the meteorological parameters are stored in a 
database. The main work was essentially to collect data and at the same time checking their reliability. These values 
are given on a daily basis and averages are made over the month.  Using Agilent 34970A data logger, environmental 
parameters measurement were recorded each 15 min. A thermocouple type J measured the ambient temperature. 
A Pyranometer Kipp & Zonen CM11, measures the global radiation received on a horizontal surface. A pilot cell 
equipped with a temperature sensor measures the temperature of the cell and the inclined radiation. Each inverter 
integrates a data acquisition card for internal data storage with a capacity of 3 months. The "® Ingecon®Sun" 
software can access the stored data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Electrical diagram of the PV system 
 
3. Performance parameters estimation 
Mainly, the parameters needed to characterize the production and the PV system yield, from energy point of 
view are established by the international energy agency (IEA) photovoltaic power systems program and are 
described in the IEC standard 61724 : the energy produced by the PV generator, the energy output of the inverter 
and energy injected into the grid. These values are given on a daily basis and monthly mean values. Results will be 
given in terms of performance such as: 
 
x The array yield Ya, is calculated as follows:  
 
0P
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aY  
  
[(kWh /days)/kWp] or [hd-1]       with       PO = 9,54kWp                                                        (1) 
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x The reference yield Yr is calculate as:
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[(kWh/day)/kW] or [hd-1]                                                                                                     (2) 
 
x The final yield Yf is calculated as follows: 
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x These three variables will allow us to calculate the performance ratio Pr which characterizes the potential energy 
of the system defined at standard conditions and the capture losses Lc. Capture losses  are obtained by the difference 
between reference productivity PV array productivity as follow :  
 
Lc = Yr - Ya      [hd-1]                                                                                                                                              (4) 
 
x System losses Ls obtained by the difference between PV array productivity and the overall productivity. It 
represents the inverter conversion losses. 
 
Ls = Ya – Yf     [hd-1]                                                                                                                                            (5) 
 
 
x The performance ratio Pr , is defined by: 
r
r Y
YP f                      
                                  
4. Results and interpretations  
 
In this section a PV plan data analysis will be given, such as the different yields, the performance ratio and 
losses. It will allow us to check how the system is operating also to detect possible malfunctions and interpret all 
results. 
 
4.1.     Meteorological Data at Bouzaréah Site 
 
Fig. 3. Monthly mean global radiation measured on inclined plan Ginc and temperatures 
 
Fig.3 shows the monthly global radiation inclined at the same tilt angle as the modules (Ginc), the monthly mean 
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air temperature (Ta) and the cell temperature (Tc) in year. As predicted by theory, the irradiance and temperatures 
vary depending on season. We then notice that the radiation is more importunate in summer time. For instance, for 
the year, the annual average ambient temperature is around 25 ° C. In the summer, when the cell temperature rises 
above 60 °C, the average inclined radiation has reached 1000W/m2.  
 Table 1, above shows a normal variation of temperature and radiation because this year was an exceptionally 
temperate year. For some years, the cell temperatures can reach 70 ° C i.e. above 45 °C above standard conditions of 
operation. 
 
                                Table 1 - Extreme and averages values for inclined global radiation and temperatures 
  Ginc  (kWh/m2)   Ta (°C)  Tc (°C) 
Minimum 94.6 11.3 17.38 
Maximum 197.5 24.9 52.6 
     Average 145 18.2 30.12 
 
The meteorological data gathered in this year are coherent and the calibration of the data acquisition is correct, 
this will makes it possible to analyse the performances of the PV plant over them years to come.  
The variation of cell temperature enabled us to analyse the behaviour of the PV array. 
 
4.2  PV plant performance analysis  
The energy delivered by the array by kWp installed (Ea), is the monthly PV array energy. Einj is the energy 
injected in to the grid.These two energies (Fig. 4) vary with the seasons proportionally to the monthly global 
radiation and both are having the same shape. The average annual energy produced by the generator is 11872 kWh 
varies 686KWh (lower production) in the month of December to 1390kWh in May, the most productive energy 
months. The average energy fed into the grid in this tear is 10981kWh. The difference between the two curves gives 
the approximation of the energy consumed by the loads ranging from 50 kWh to 100 kWh depending on their  use. 
 
 
 
 
  
 
Fig. 4. PV array energy Ea and energy injected to the grid Eout 
 
x PV modules Performance per season 
Prior to study the different yields of the PV system, it is necessary to analyse the performance of PV modules per 
season. We selected the most representative months for each season (January for the winter, May for spring, August 
for the summer, September for the autumn). 
 Fig. 5 shows modules DC output power depending on inclined irradiance. Such a curve shows a distinct 
hysteresis. At the beginning of the day, there is no DC power generation by the PV modules until the irradiance 
reaches about 100 W/m2. During this time, the inverter performs an MPP search. When the MPP is found, the PV 
modules generate DC power proportional to the irradiance (i.e. points on the upper side of hysteresis curve). During 
the day, when the modules generate the largest power (points on the top of the curve), they became hot. Therefore, 
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the efficiency of the PV modules is lower. When the irradiance decreases at the end of the day, a lower DC power is 
generated with the same irradiance (see points on the lower side of the hysteresis curve). We also find that these four 
fitted curves can neglect the perturbations of shading, which changes based on the height of the sun during the 
season. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                               
 
Fig. 5. Output power of the PV plan vs. inclined irradiation per season. 
 
x Modules efficiency  
Fig.6. shows the performance of Isofoton modules under real conditions of operation, it varies between 7 and 
10% with a downward trend as the irradiation increases. For STC, the supplier gives 12%. When the temperature 
increases with the radiation that causes a decrease performance cell. Furthermore, according to the calculations, the 
losses due to cables are negligible when analysing module performance. 
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      Fig. 6. PV module efficiency 
 
 
4.3  Performance analysis of inverters 
It is interesting to analyse the behaviour of the three inverters during a typical day chosen by seasons (fig.7.). 
Note that due to the orientation of the plant and the effect of the azimuth, the sun rises behind the three PV 
generators. 
The generator 3 (connected to the inverter 3) is between 9 and 10 am, higher than 100W/m2, depending on the 
height of the sun (that is to say of the season). The generator 2 (inverter 2) is between 11 h and 16h maximum 
radiation despite shading effect due to two phone antennas are located at the front of the building (100m). The third 
generator (inverter 1) also suffered after 16h shading effect of the tree. These trees are located 500m to the west of 
the building.  
Fig. 7. Shows that the maximum efficiency of the inverter 1 is reached in spring and autumn (96%) for 
maximum inclined irradiation ranging between 800 and 1000W/m2. 
The efficiency of the inverter 1 reaches 87% quite quickly 93W/m2. The performance of the three inverters 
therefore depends on both the orientation of the generator from the south, the effect of the azimuth, level of 
irradiation and temperature of the day. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 7.  Average Efficiency of the tree inverter 
5. Performance analysis of the global system  
5.1  Array yield Ya, Reference yield Yr and Final Yield Yf
Ya is number of hours that the PV array should operate at nominal power P0 of the plant to provide the amount 
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of energy Ea received by the photovoltaic modules. We see (Fig. 8.) that the PV array has operated for 71.95 
hours/month in December and about 146, 65 hours per month during May, note that the temperature average was 
around 25 °C. Same as Yr, the maximum hours of operation at standard conditions was observed during the months 
of May, July and August. Yf   should be equal to number of hours that the PV plant must operate at nominal power 
P0=9,54kWp in order to produce the daily energy injected in to the grid.  
The number of hours in the month of December is 66,56h/m  and 133, 54 h/ m in July. 
 
 
 
 
 
Fig.8. Variation of Array yields Ya, Reference yield Yr and Final yield Yf 
 
 
5.2 Capture losses and System losses  
For the capture losses, (Lc), we note that for 04 months (September, May, June, and July), photovoltaic energy 
production is the highest (fig.9). Cable losses are more important, this is due to the effect of ambient temperature on 
all the cabling system. These losses are mainly due to excessively long wiring between the PV generator and the 
technical room (the générateur1 is more than 100m). Moreover, we see less loss in March, this may explain the 
important production of energy. We can see that system losses (Ls) are more important in May, July and August. 
These losses are due mainly to the temperatures reached by the inverters, which are around 80 ° C, although they are 
installed in a conditioned space. For these months of operation, the inverter was overheating which unnecessarily 
reduced its efficiency. 
The inverter self-limits input power when the power available from the array exceeds the inverter’s rating and 
when the inverter’s circuitry exceeds a maximum allowable temperature. Since August 2007, the cooling fans were 
installed near the radiator of the inverter and started from May to August. It is interesting to compare the final yield 
to the energy losses of the installation. We note that the losses at the level of the PV array, Lc are more important in 
the months of spring and summer. Abnormally, there is a big loss of components in January. This phenomenon, 
which drives up the losses of the field and reduce the losses of the components, Ls is typically the result of a 
malfunction or failure of inverters. In fact, according to the event log, a practical problem occurred, one of the 
inverters were in constant connection-disconnection due to a phase failure. 
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Fig. 9. Comparison between final yield, capture & system losses 
5.3 Performance ratio of the PV system 
During 2007, the performance ratio (Fig.10.) was varying between 0.62 (for the month of July) and 0.82 (for the 
month of March). We note that the average performance ratio is good (71%).  
 
This means that the system is energy efficient. This parameter is generally used to compare the Grid-Connected 
PV power plants because it does not depend on the location or on the size of the system.  
We note that the monthly average performance ratio vary according to season. It is more important in spring and 
autumn than in summer and winter 
 
 
 
 
 
 
Fig. 10: Performance ratio 
 
 
6 Comparison with of grid connected PV systems in other countries  
 
The comparison of the performance of the CDER Grid Connected PV Systems shown in Table 2 indicates that 
the PV system performance at Algiers was comparable to that of other installed systems in different countries. It is 
difficult to draw direct comparisons due to the different characteristics of systems such as the design and direction, 
weather conditions, technology and the type of photovoltaic modules. Overall, the performance of this system lies in 
the range found in Ireland. Paradoxically compared with system installed in Spain and Italy (countries with 
approximately the same weather conditions), CDER Grid Connected PV Systems performance are better. 
 
                                   Table 2 - Comparison with other installed systems in different countries 
Country ȘPV (%) ȘInverter (%) Pr Reference 
Spain 13,7 89,5 0,69 [15] 
Italy 3,7 90-91 0,66 [16] 
Brazil 3,7 91 0,5 -0,81 [17] 
Ireland 7,5-10 87 0,6 -0,62 [18] 
Algeria 7-10 87-96 0,62-0,82 Present study 
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7 Conclusions 
 
The first PV system connected to the grid in Algeria is a demonstration project, in this paper an analysis attempt 
was carried out in order to observe the connected to grid PV system behaviour in specific climatic conditions such 
as an urban zone in the Northern part of the country. 
From the nominal installed power, the final yield and performance of the system was estimated. It was found that 
the performance of the modules in real operating conditions varies from 7% to a little over 10% while the 
performance of modules under the STC is about 12% given by the manufacturer at standard conditions.  
 By exploiting data recorded during 2007, we were able to check the quality of these recordings and to note that 
the data acquisition system was operating properly. From measured data we can conclude by considering all the 
losses, for a yearly average radiation of 1743.4 kWh/m2/year, the system can inject an average of 10 981 kWh/year.  
 The yearly performance ratio is about 71%; the maximum value (optimal value) can reach 82%.The months of 
May, June and July are the period where the PV system is the most efficient.  This analysis was very informative;  
it allowed us to see in real conditions the temperature and irradiation effects on the electrical characteristics of the 
PV array and all the system.  
 Overall performance analysis of the installation showed that except inverters disconnections and reconnections 
Low Voltage network pollution (inverters indicating a failure of voltage or frequency or phase), there was no 
malfunction during the year of operation.  
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